



















































1. Understand the role of heat 
exchanger array geometry 
2. Calibrate models using field-
scale data from existing and 
new SBTES sites
3. Evaluate coupled heat 
transfer and water flow 
processes in the vadose zone
4. Understand scalability of 
SBTES arrays
5. Evaluate ways to improve the 
efficiency of heat extraction
Drake Landing Solar Community (DLSC)





used to provide 95% of 









Soil Particle Density ƚ 2480 kg/m3
Soil Permeability 1.5x10‐14 m2
Soil Thermal Conductivity ƚ 2.03 w/m°C

























Saturated Soil Conditions with a 
Water Table at the Surface
Convection Effects on SBTES Systems
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Saturated Soil Conditions with a 
























































































































































Spacing: 1.0 m Spacing: 2.0 m
Results: Impact of Heating Duration
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q = 30 W/m2






































q = 30 W/m2












































































































































































q = 30 W/m2
90 days










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(ml/s) (ml/s) (W/m) (W/m K) (W/m K) (W/m K)
1 500 300 18.6 0.48 0.52 0.55
2 50 30 18.5 0.45 0.55 0.54
3 150 83 23.1 0.56 0.54 0.66
4 150 83 19.4 0.55 0.57 0.55












































ܳ௦௧௢௥௘ௗ ൌ ܳ௜௡௝௘௖௧௘ௗ െ ܳ௟௢௦௧
Injected Heat





































































q = 30 W/m2
90 days







































q = 30 W/m2
90 days
Spacing: 2.5 m













































































































































































λ = 1.0 W/mK
New SBTES Site at UCSD
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Planned Borehole Array
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1.5 
m
Borehole heat exchanger
Thermistor string
0.75 m
3.0 m
1.5 m
6.0 m
0.75 m
Planned Borehole Array
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Final Comments
• SBTES systems can effectively store heat in the 
subsurface
• Efficiency of heat extraction is low, but the heat source 
is renewable and nearly free
• Heat storage is best in soils with low thermal 
conductivity and with low permeability (low convection)
• Closer spacings (1‐2 m) will result in the greatest 
concentration of heat
• Sufficient boreholes are required in an array to retain 
elevated ground temperatures after a resting period
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